Children and Their Parentsy Labor Supply: Evidence from Exogenous Variation in Family Size
Research on the labor-supply consequences of childbearing is complicated by the endogeneity of fertility. This study uses parental preferences for a muxed sibling-sex composition to construct instrumental variables ( I V ) An understanding of the relationship between were able to combine childbearing with strong fertility and labor supply is important for a numlabor-force attachment. Other researchers havc ber of theoretical and practical reasons. First, also drawn a link between fertility-induced witheconomists and demographers have developed a drawals from the labor force and lower wages variety of models linking the family and the laof women (e.g., Gronau, 1988 ; Sanders bor market. Empirical studies of childbearing Korenman and David Neumark, 1992) . So perand labor supply are sometimes seen as tests of haps childbearing keeps women from developthese models (e.g., Reuben Gronau, 1973 ; Mark ing their careers. R. Rosenzweig and Kenneth I. Wolpin, 1980b;  Any success in disentangling the causal T. Paul Schultz, 1990) . Second, the link bemechanisms linking fertility and labor supply tween fertility and labor supply might partly exshould shed light on other substantive issues as plain the postwar increase in women's well. For example, reductions in female labor labor-force participation rates if having fewer supply could increase the total time parents dechildren causes an increase in labor-force attachvote to child care, making at least some children ment (Mary T. Coleman and John Pencavel, better off (see, e.g., Frank P. Stafford, 8987, 1993) . Evidence for this thesis includes Claudia Francine BBau and Adan1 J. Grossberg, B992), Goldin's (1995) study, which shows that few Some theories of family behavior also suggesi women in the 1940's and 1950's birth cohorts that changes in wives' earnings affect marital stability (Becker et d.,1977; Becker, 1985) Not surprisingly, given the wide and long- Table 1 .17) for Thomas who stimulated our interest in the subject of parental a few estimates, which suggest a positive association besex preferences. The authors bear sole responsibility for the tween fathers' labor supply and the number of children. content of this paper.
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noted in two recent literature surveys, however, the interpretation of these correlations remains unclear. In his assessment of the "economics of the family," Robert J. Willis (1987 p. 74) writes, "... it has proven difficult to find enough well-measured exogenous variables to permit cause and effect relationships to be extracted from correlations among factors such as the delay of marriage, decline of childbearing, growth of divorce, and increased female labor force participation ...." Martin Browning (1992 p. 1435) expresses similar views: "... although we have a number of robust correlations, there are very few credible inferences that can be drawn from them."
Skepticism regarding the causal interpretatioil of associations between fertility and labor supply arises in part from the fact that there are strong theoretical reasons to believe that fertility and labor supply are jointly determined (see, e.g., Schultz, 1981 , or Golidin, 1990 . In fact, this endogeneity is reflected in the academic research agenda. On one hand, papers on labor supply often treat child-status variables as regressors in hours of work equations, while on the other hand, economic demographers and others discuss regressions and models that are meant to characterize the impact of wages or measures of labor-force attachment on fertility. Since fertility variables cannot be both dependent and exogenous at the same time, it seems unlikely that either sort of regression has a causal interpretation. ' This paper focuses on the causal link running from fertility to the work effort of both ply is discussed by, among others, Orley Ashenfelter and James J. Neckman (1974), Heckman and Thomas E. MaCurdy (1980) , and Jonathan Gruber and Julie Berry Cullen ( 1996) .
"he survey by Alice Nakamura and Masao Nakamura (1992) argues that a search for exogenous variation is so difficult it is not even fruitful (pp. 60-61) . ' In the chapter on models of marital status and childbearing in the Handbook of Labor Economics, Mark R. Montgomery and James Trussel (1986 p. 205) note:
"One of the rites of passage for a labor economist involves the estimation of a Probit model for female labor force participation. It is standard practice for the Probit equation to include some indicators for a woman's marital status and the number and age distribution of her children. In esmen and women. Our main contribution is the use of a new instrumental variables ( I V ) strategy based on the sibling sex mix in families with two or more children. This instrument exploits the widely observed phenomenon of parental preferences for a mixed sibling-sex composition. In particular, parents of same-sex siblings are significantly and substantially more likely to go on to have an additional child.4 Because sex mix is virtually randomly assigned, a dummy for whether the sex of the second child matches the sex of the first child provides a plausible instrument for further childbearing among women with at least two children. Moreover, in spite of the fact that the sibling sex mix is obviously a function of the sex of both children, we present a range of evidence which suggests that there is little possibility that any secular impact of the sex of offspring contaminates the XV estimates.
We also compare results generated uising sex mix as an instrument to results generated using twins to construct instruments. Twinning at first birth has been used in a number of previous studies to estimate the relationship between -timating such a model, the labor economist veers dangerously close to a theory of householdforma tion, childbearing, and labor supply; namely, that household formation and fertility can be safely taken as exogenous with respect to a woman's supply of hours."
Many of the papers cited in the Handbook chapter on female labor supply (Mark R. Killingsworth and Heckman, 1986) fit this description. A widely cited paper that discusses regressions of fertility measures on measures of earnings is Jacob Mincer ( 1963) . A more recent example is Heckman and James R. Walker (1990) , who use nonlinear techniques. See also Schultz (1981 p. 171 ) who asks: "What is cause and what is effect?" in a discussion of William P. Rut-and Michael P. Ward (1979) , and other demographic studies of the relationship between fertility and labor-force participation.
Charles F. Westoff et al. (1963) were among the first to report preferences for a mix. In a survey of desired fertility and a follow-up study of actual fertility among couples with two children, they found that parents of two boys or two girls both desired anti ultimately had more children than parents of mixed pairs. See Nancy E.
Williamson ( 1976) for an international review. After completing the first draft of this paper in July 1996, we learned of concurrent work using sex-preference instruments to estimate the effect of fertility on femaie labor supply in the United Kingdom (Maria Iacovou, 1996) . childbearing and labor-market outcomes. Examples include Stephen G. Bronars and Jeff Grogger (1994) and Jaisri Gangadharan and Joshua L. Rosenbloom (1996) , both of which use large Census samples, and Rozenzweig and Wolpin ( 1980a, b) . Here, our interest is primarily in the comparison between twins estimates and results using the same-sex instruments. We therefore focus on multiple second blsths, so that both twinning and the sex-mix instrument identify the impact of moving from the second to the third child. Because third-born children who are twins are older than other third-born children, the juxtaposition of estimates based on twinning and the sex mix allows us to compare the effects of fertility on labor supply when the children are different ages. By combining the twins and same-sex instruments, we can estimate the time it takes for the labor-supply consequences of childbearing to disappear.
Section I discuss& the data and the sex-mix instruments' first stage, and briefly describes how sex mix can be incorporated into standard economic models of fertility. Section I1 presents the main set of empirical results on fertility and labor supply, including an analysis of effects iri subgroups defined by husbands' earnings and mothers' schooling. Section 111 compares the estimates using sex-mix instmments to estimates based on twins. Section IV discusses the empirical findings in light of recent trends in female labor-force participation, and Section V concludes.
I. Data, Descriptive Statistics, and First-Stage Relationships

A. Data and Descriptive Statistics
The sex-mix estimation strategy is implemented using information on labor supply, the sex of mothers' first two children, and an indicator of multiple births in the 1980 and 1990 Census Public Use Micro Samples (PUMS). To motivate the empirical work, Table 1 reports labor-force participation rates and the probability of additional childbearing among women aged 21 -35 and aged 36-50 in the 1970, 1980, and 1990 Census, 1983 Census, , 1995 . The table shows substantial declines in fertility and increases in labor supply in both age-groups. Statistics for women aged 21-35 with at least two children show a similar pattern, as do the statistics for women aged 36-50.
There is no retrospective fertility infomation in the PUMS data sets other than the number of children ever born. We therefore matched children to mothers within households in a manner similar to that described in the appendix to Angrist and Evans ( 199th) . Briefly, we attached people in a household la-. beled as "child" in the primary relationship code to a female householder or the spouse of a male householder. In households with multiple families, detailed relationship codes as well as subfamily identifiers were used to pair children with mothers. We deleted any mother for whom the number of children in the household did not match the reported number of children ever born.5 Using the sex of the oldest two children, we defined same-sex sibling pairs in both Censuses.
Because the Census does not track children across households, the sample is limited to mothers aged 21 -35 whose oldest child was less than 18 years of age at the time of the Census. Few women younger than age 21 have two children, while a child over age 17 is increasingly likely to have moved to a different household. Restricting the women's age-group to less than or equal to 35 means the age 18 cutoff for firstborn children does not generate a highly selected sample. Data from the Fertility, Birth Expectations, and Marital History Supplement to the June 1990 Cun-ent Population Survey (CPS) show that among women aged 35 with two or more children, at least 93 percent have an oldest child younger than age 18. This fraction falls to 85 percent at age 36 but is equal to 100 percent for women aged 32 or younger. Although women aged 21-35 with at least two children may appear to constitute an unusually young high-fertility group, ' Note also that the sample is restricted to women for whom the reported values of age and sex of their two oldest children were not allocated by the U.S. Bureau of the Census. Descriptive statistics and variable definitions for covariates, instruments, and dependent variables are given in Table 2 . The covariate of primary interest in our laborsupply models is the indicator More than 2 children. The first instrumental variable for More than 2 children is the indicator Same sex. The table also shows averages for the two components of Same sex, the indicators TWO boys and Two girls. Among all women with two children in 1980, 40.2 percent had a third child. The corresponding figure for 1990 is 37.5. In both samples, just over 50 percent of all two-child families had children of the same sex and just over 5 1 percent of first births were boys.
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Labor-supply estimates are also computed using multiple second births to generate instruments. In the 1980 PUMS, multiple births are defined as siblings having the same age and quarter of birth. The mean for this indicator of twin births, which we call Twins-2, is 0.0085 in the 1980 full sample and 0.0083 in the 1980 married sample.' For purposes of comparison, we drew a sample of all second births born to women aged 21 -35 from the 1976 Vital Statistics Natality Data tapes (National Center for Wealth Statistics). This data set contains a 50-percent sample of all births in the country and should provide an accurate estimate of twinning probabilities for the women in our sample. Data from 1976 offer a useful comparison since roughly 40 percent of second children in our Census sample were born [1976] [1977] [1978] [1979] . The vital statistics data imply a second-birth twinning probability of 0.0079, just slightly lower than the probability we estimate using 1980 Census data.
Quarter of birth is not reported in the 1990 PUMS, so multiple births in 1990 were defined as children reported to be of the same age. Using this procedure, we calculated that 1.2 percent of all second births in 1990 were multiple births. This naturally produces a much higher estimate of the number of twins since two children born in the same 12-month period are classified as twins. We used data from the 1980 PUMS to estimate the error in twin rates calculated using age in years only. Using age in years to define twins in the 1980 data generates an estimated twin rate of 0.01185, which is 35 percent larger than the value we calculate using age in years and quarter of birth. We therefore restricted the analysis using twins to data from the 1980 PUMS. Demographic and labor-supply variables, described in the lower half of Of the 3,356 multiple second births in the all-women as well as for the married sample is that conditioning on sample, only 23 were triplets or higher-plurality births. marital status raises the possibility that selection bias afTherefore, we use the terms multiple births and twins fects estimates in the selected sample.
interchangeably.
-- 
Number of observations
Notes:
The samples include women aged 21 -35 with two or more children except for women whose second child is less than a year old. In the 1980 PUMS, the married women sample refers to women who were married at the time of their first birth, married at the time of the survey, and married once. In the 1990 PUMS, the manied women are those married at the time of the Census.
income. Finally, note that husband's age at first birth was calculated assuming that the husband is the father of the children in the household. All of the husbands' variables are computed based in this assumption, which seems plausible for the 1980 data since women in the 1980 married women sample were married only once and they were married at the time of their first birth. Only 4.7 percent of the husbands in this sample were married before, and very few children live with their fathers after divorce. On the other hand, the 1990 match is probably not as good as the 1980 match. We therefore confirmed the basic first-stage relationships used in this paper with June CPS data, which includes true retrospective fertility information. See the appendix to our earlier paper (Angrist and Evans, 1996a ) using a Census household match for more on data problems and issues related to the match.
B. Sex Mix and Fertility
The phenomenon of parental preferences for a mixed sibling-sex composition has been documented in a number of studies. For example, Yoram Ben-Porath and Finis Welch (1976) found that in the 1970 Census, 56 percent of families with either two boys or two girls had a third birth, whereas only 5 1 percent of families with one boy and one girl had a third child. The theoretical impact of sex mix on fertility can be captured in the standard quantity/ quality model of fertility, originally outlined by Becker and Gregg H. Lewis (1973) and Becker and Nigel Tomes ( 1976) , and extended in detail by Wosenzweig and Wolpin ( 1980a) . In these models, parents derive utility from the number of children and a complementary good, 'child quality," which enters the utility function and budget constraint in proportion to the number of children. Child quality is generated through the purchase of inputs and the expenditure of parents' time in home production. Ben-Porath and Welch ( 1980) describe the sex mix as something that determines child quality in quantitylquality of models. Alternately, the impact of sex preferences can be modeled using state-dependent utility. Suppose a mother already has n, 2 I children and she is trying to decide how many additional children to have (n,) . If parents prefer a mixed sibling-sex composition, then a same-sex sibling composition reduces the utility from n,. This in turn raises the marginal utility of n,, increasing the chances that p aents will try to have additional children. Twinning can similarly be incorporated into this model as a shock to n, that cannot be fully offset by future fertility choices. For a more detailed theoretical discussion, see our working paper (Angrist and Evans, 1996b) . Table 3 reports estimates of the impact of child sex and the sex mix on fertility similar to those in Ben-Porath and Welch ( 1976) . The first panel looks at sex preferences in families with one or more children by showing the fraction of women with at least one child who had a second child, conditional on the sex of the first child. The third row of this panel shows the difference by sex. In spite of the fact that attitudinal surveys suggest many couples would prefer more boys than girls, or prefer their firstborn child to be male (see, e.g., Williamson, 1976) , there is only one subsample (all women in the 1990 PUMS) where subsequent fertility is a function of the sex of the first child. Even in this case, the impact of the sex of the firstborn on fertility is very small.
The second panel of Table 3 documents the relationship between the fraction of women who have a third child and the sex of the first two children. The first three rows from this 
Notes:
The samples are the same as in Table 2 . Standard errors are reported in parentheses section show the sample characteristics of a third child, compared to 43.2 for women women in the following groups: those with with two girls or two boy!;. The relationship one boy and one girl, those with two girls, and between sex mix and the probability of addithose with two boys. The next two rows report tional childbearing is even larger for married estimates for women with two children of the women, reaching a precisely estimated 7-same sex and for women with one boy and one percentage-point difference in the 1990 Cengirl. The final row reports the differences besus. This is approximately 21 percent of the tween the same-sex and mixed-sex group rate of additional childbearing amon), 7 women averages.
with one boy and one girl. Finally, we note Both data sets and samples suggest that that the relations hi^ between sex mix and women with two children of the same sex are childbearing is confiked in data from the fermuch more likely to have a third child than the tility supplements to the June 1980, 1985, and mothers of one boy and one girl. For example, 1990 CPS. This is important because, unlike in the 1980 all-women sample, only 37.2 perthe Census where information about children cent of women with one boy and one girl have is partly based on our household match, the
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June CPS contains detailed fertility histories for each woman, including information on the dates of birth and sex of each child. The virtual random assignment of Same sex makes it very likely that reduced-form regressions of fertility and labor-supply outcomes on the instruments have a causal interpretation. One simple check on this claim is to compare the demographic characteristics of people who have same-sex and mixed-sex sibling compositions. Table 4 reports Same sex contrasts for mother's age, age at first birth, race, ethnicity, and years of education in the 1980 and 1990 all-women samples. Even in these large samples, none of the contrasts is significantly different from zero at the 5-percent level. The magnitude of the differences by Same sex is also very small. For example, the difference of -0.0028 for years of education in 1980 represents 0.02 percent of the sample mean years of schooling, which is about 13.
In contrast with the small and insignificant differences in demographic characteristics by Same sex, there are some large and precisely estimated differences in mean demographic variables by twin status. The estimates in the final column of Table 4 replicate the well-known result that twins are more likely for older women (John A. H. Waterhouse, 1950) and for blacks (Ntinos Myrianthopoulos, 1970) . Women with more years of schooling are also more likely to have twins, although this probably reflects more childbearing at older ages among more educated women.
Fertility and Labor Supply
A. Wald Estimates
Because sibling-sex composition is virtually randomly assigned, simple statistical techniques can be used to illustrate how the sexmix IV strategy identifies the effect of fertility on parents' labor supply. Consider the bivariate regression model, where yi is a measure of labor supply and xi is the endogenous fertility measure of interest.
Let zi denote the binary instrument, Same sex. The IV estimate of /3 in this equation is where y, is the mean of y, for those observations with z, = 1 and other terms are similarly defined. The numerator and denominator capture the reduced-form relationships between y, and z, and between x, and z, . The IV method attributes any effect of z, on y, to the effect of z, on x, .
Although equation ( 1) is written as a bivariate regression with constant coefficients, Guido W. Imbens and Angrist (1994) have shown that pIvcan be interpreted as a local average treatment effect specific to the instrument, z, .In this case, p,, estimates the average effect of x, on y, for individuals whose fertility has been affected by their children's sex mix. Similarly, when z, is an indicator of multiple births at the second pregnancy, Twins-2, the IV estimates reflect the effect of children on labor supply for those who have had morc children than they otherwise would have because of twinning. For this reason, the Twins-2 and Same sex instruments do not necessarily identify the same average effect.
The first six columns of Table 5 for having had a third child, More than 2 children. The other is total Number of children. The effect of the Same sex instrument on More than 2 children, equal to the difference in means reported at the bottom of Table 3 , is 0.06 in 1980 and 0.063 in 1990. The effect of Same sex on Number of children is 0.077 in 1980 and 0.084 in 1990. The effect of Twins 2 on the probability of having a third birth in 1980 is 0.60, and the effect of Twins-2 on Number of children is 0.8 1 .
Below the estimates of Y,-&, columns
(1) and ( 4 ) of The last three columns in the table show that women whose second pregnancy resulted in twins are also less likely to work. With the exception of the estimate for family income, which is not very precise, the Wald estimates generated by Twins-2, reported in column (6), are lower than the Wald estimates based on Same sex. In Section HI, we explore the comparison between Same sex and Twins-2 estimates further and show how they can be reconciled.
As with the Same sex estimates, Twins-2 estimates in per-child terms are necessarily smaller than estimates treating the indicator More than 2 children as the endogenous regressor. But the factor of proportionality connecting the per-child and More than 2 children estimates using Twins-2 is also 0.75. It therefore makes little difference which denominator is used because estimates based on More than 2 children can always be converted into perchild estimates by multiplying by 0.75. We chose to discuss estimates treating More than 2 children as the endogenous regressor in the re- 
Notes:
The samples are the same as in Table 2 . Standard errors are reported in parentheses.
mainder of the paper because this emphasizes involving the sex of the first two children, and the fact that the fertility increment induced by therefore potentially correlated with the sex of either instrument is a move from two to more either child. To see this, let s, and s2 be indithan two children.
cators for male firstborn and second-born children. The instrument can be written as B.
Two-Stage Least-Squares Estimation
While the Wald estimates provide a simple illustration of how the instruments identify the Assuming that child sex is independent and effect of children on labor supply, the rest of identically distributed (i.i.d.) over children, the paper discusses two-stage least-squares the population regression of Same sex on ei-(2SLS) and ordinary least-squares (OLS) esther sj produces a slope coefficient equal to timates of regression models relating labor-2 E [ s j ]-1, which is zero only if E [ s j ]= '1,~"' market outcomes to fertility and a variety of Since the probability of giving birth to a male exogenous covariates. 2SLS estimation allows child is 8.51, there is a slight positive associus & accomplish three things. First, even if ation between Same sex and the sex of each there is no association between the instrument child. This correlation is a concern only if s, and exogenous covariates, as suggested by Table 4, controlling for exogenous covariates can lead to more precise estimates if the treatment effects are roughly constant across groups. ing Same sex as an instrument. This is desir- affects labor supply for reasons other than family size. Such effects could arise if the sex of offspring affects the father's commitment to the family (see, e.g., Philip S. Morgan et al., 1988) or changes the way parents treat their children (Kristin F. Butcher and Anne Case, 1994; Duncan Thomas, 1994) . Secular effects of sex mix on labor supply could also be generated by the fact that boys are more likely than girls to have disabilities (see, e.g., Angrist and Victor Lavy, 1996) since having a disabled child might change parents' behavior. Adding sl and s2 as regressors to the estimating equations reduces the likelihood of omittedvariables bias from these sources.
Of course, controls for additive effects can only eliminate bias from omitted variables with effects that are additive in the number of children. However, a third advantage of the 2SLS framework is that it allows us to exploit the fact that the Same sex instrument can be decomposed into two instruments, leading to an overidentified model. In particular, the separate indicators, Two boys [sls2] and Two girls [ ( 1 -sl)( 1 -s,)] , are both available as potential instruments. This is useful because bias from any secular effects of child sex on labor supply should be different for these two instruments, while the labor-supply consequences of childbearing seem likely to be independent of whether Same sex equals Two boys or Two girls. A natural specification test is therefore the conventional instrument-error overidentification test statistic for 2SLS estimation using both instruments, since this is the same as a test for whether the Two boys and Two girls instruments give the same estimate when used separately."
The following regression models are used to link labor-supply variables for husbands and wives to the endogenous More than 2 variable, xi, and the list of exogenous covariates, including additive effects for the sex of each child:
' I See Whitney K. Newey and Kenneth D. West (1987) for this interpretation of overidentification tests. Angrist ( 1991) discusses the dummy instrument case.
where wi is a vector of demographic variables, and sii and s~ãre indicators for the sex of the first two children of mother i. Initially, wi is limited to variables that are clearly exogenous to fertility: mother's age and age at first birth, plus race and Hispanic indicators. In the justidentified model where Same sex is the only instrument, the first-stage equation relating More than 2 children to sex mix is
where y is the first-stage effect of the instrument.
The alternative identification strategy uses the two components of Same sex-Two boys and Two girls-as instruments for More than 2 children. In this case, however, either sli or szi must be dropped from the list of covariates because s I i , s~~, and ( 1 -sZi) s~~s~~, s i i ) ( lare linearly dependent. We chose to drop szi (the results are not sensitive to this choice, or to the elimination of both sli and s~~, as we show below). In this case, the equation of interest becomes
The first-stage relationship between xi and sex mix is
where Two boysi = s~~s~~ = and Two girlsi
C. 2SLS Results
The first-stage results linking sex mix and fertility are reported in Table 6 . In the top half of the table, we report results from the 1988 PUMS. These estimates show that women in 1980 with same-sex children are estimated to be 6.2 percentage points more likely to have a third child in a model with covariates. The corresporiding estimate for marrned women is 6.9 percent. The t-statistics for these first-stage effects are data is explained entirely by the difference in well over 30. As in Table 3 , the estimates for the effect of Two boys and Two girls when the 1990 PUMS (reported in the lower half these regressors are entered separately. In of Table 6 ) are somewhat larger in both the other words, when the effects of sex mix are full and married women samples. allowed to differ by sex, there is no relatisn- Table 6 also provides some evidence of an ship between Boy 1st and fertility, although the association between having a male child and effect of Same sex on fertility in 1980 is larger reduced childbearing at higher parities. Note, for boys than for girls. The Boy 1st effects for however, that the effect of Boy 1st in the 1980 1990 remain significant in all specifications, but they are very small, especially in comparison to the effects of the sex mix. Next, we use the sex mix to estimate the effect of More than 2 children on measures of employment and earnings in 1980. Table 7 reports a set of OLS estimates and two sets of 2SLS estimates using Same sex and the pair of dummies Two boys and Two girls as instruments. The exogenous regressors are the same as in Table 6 (coefficients not reported). In models that use Two boys and Two girls as instruments, we dropped the Boy 2nd variable from the list of covariates. The first three columns show results for the full sample, the next three columns show results for married women, and the last three columns show results for the husbands of married women.
OLS estimates in both the full and married women sample suggest that the presence of a third child reduces the probability of working by about 17 percentage points, and causes weeks worked to fall by about 8-9 per year, hours per week to fall by 6-7, and family income to fall by about 13 percent. OLS estimates of earnings effects are $3,166 in the married sample and $3,768 in the full sample. Not surprisingly, all of these OLS estimates are very precisely estimated.
In contrast with the results for women, OLS estimates of the effect of More than 2 children on husbands' labor supply are small. Having a third child is estimated to reduce the probability a husband worked for pay by less than one percentage point. The impact of a third child on other measures of husbands' labor supply is also small, though precise enough to be significantly different from zero. The estimated effect on annual weeks worked is -0.90 and the estimate for hours per week is 0.25. The effect on husbands' earnings appears substantial (-$1,506), but this amount is still only about 3.9 percent of the average earnings of men in the sample, The first set of 2SLS estimates uses Same sex alone as an instrument. In the full sample, the estimates (standard errors) for the dependent variables Worked for pay, Weeks worked, Hours/week, and Labor income models are -0.12 (0.025), -5.7 (1.1), -4.6 (0.95), and -1,961 (542). These results suggest that having a third child causes a 20-30-percent reduction in women's labor supply and earnings. One important finding is that estimates using Same sex as an instrument are smaller than the corresponding OLS estimates. This is true for the laborsupply estimates in the married women's sample as well, although here the gap between 2SLS and OLS estimates is not as large. Overall, however, the OLS estimates appear to exaggerate the causal effect of fertility on female labor supply.
It is also worth noting that the relationship between the OLS and 2SLS estimates is similar when the estimates are converted into perchild units. Above, we noted that 2SLS estimates treating More than 2 children as the endogenous regressor should be multiplied by about 0.75 to obtain estimates in per-child terms (i.e., with Number of children as the endogenous regressor). It turns out that the 01,s estimates can be converted into per-child units by multiplying by about 0.7 using either 1980 or 1990 data. Thus, regardless of whether the estimates are cast in terms of the effect of having more than two children or in per-child units, the OLS estimates are considerably smaller than the 2SLS estimates.
In addition to differing from the OLS estimates, the estimates using Same sex as an instrument also differ from most of the 2SLS estimates previously reported in the literature on children and labor supply. In his review article, Browning (1992 p. 1469) notes that, "There is one salient difference between studies that take fertility as exogenous and those that take it as endogenous. In many of the latter it is found that fertility either has no effect on labor supply ... or it ha:i a positive effect."
Browning also points out that it is not clear from these estimates whether children really have no effect on female labor supply, or whether the instruments are roo weak or simply poorly chosen. While the 2SLS estimates generated by Same sex are smaller than the corresponding OLS estimates, they are still negative, precise, and of a plausible magnitude.
In contrast to the female labor-supply estimates, there is little evidence of a relationship between having a third child and family income. Given the strong labor-supply effects, the weak impact on farnily income may seem surprising. There are a few potential explanations for this result. First, the lost income due to a reduction in mothers' labor supply could be made up by other family members. The small and statistically insignificant 2SLS estimates in the ln(Non-wife income) equations suggest that this is not the case. The most likely explanation is that the instrument is not powerful enough to detect the family-income consequences of childbearing. For example, in the married women sample, the third child reduces female earnings by about 21 percent and female labor income is (on average) 13 percent of total family income. If the third child does not alter husbands' labor supply, we would expect an estimated effect of More than 2 children in the ln(Farni1y income) equations of roughly -0.21 X 0.13 = -0.027, which is close to the reported estimate of -0.05. But the standard error for this estimate is slightly higher than 0.05, so that impacts this small cannot be precisely measured.
Gronau ( 1977 p. 1102) reports results suggesting that husbands increase their work effort in response to an increase in family size. Table 7 also reports estimates of the impact of the third child on husbands' labor supply in the 1980 married sample. While the OLS estimates show a small but significant (negative) relationship between husbands' labor supply and additional childbearing, estimates constructed using Same sex as an instrument generate no evidence of any effects on the labor supply of men. The standard errors on the 2SLS estimates for husbands' variables Worked for pay, Weeks worked, and Hours/ week are actually smaller than the corresponding standard errors for women, and they are small enough so that modest positive or negative effects could be detected if they existed.
The labor-supply effects estimated using 1990 data are remarkably similar to those estimated for 1980. This can be seen in Table 8 , which reports OLS estimates and 2SLS estimates for 1990 using Same sex and Two boys and Two girls as instruments. Some of the estimated effects are slightly smaller in 1990 than in 1980, but these differences are not statistically meaningful. One difference between the 1980 and 1990 results that does seem noteworthy is the larger negative impact of childbearing on manied women's earnings in 1990, perhaps because of an increase in women's wages. This result may also be attributable to the fact that married women are delaying childbearing (average age at first birth increased from 20.8 in 1980 to 22.4 in 1990 for this group), and therefore they have more years of experience and higher wages when they exit the workforce due to childbirth. Table 6 shows that mothers of two girls are more likely than mothers of two boys to have a third child. So the first-stage relationship differs for these two instruments. However, the 2SLS estimates in Tables 7 and 8 show that the additional predictive power provided by separating the two components of Same sex does not change the coefficient estimates very much or lead to an appreciable increase in precision using either the 1980 or 1990 data.
We noted above that the overidentification test statistic associated with the use of Two boys and Two girls as instruments jointly tests for a difference between 2SLS estimates computed using only Two boys and 2SLS estimates computed using only Two girls. The p -values for this test are reported in square brackets in both Tables 7 and Table 8 . The p-values for the 1990 estimates suggest that it does not matter which instrument is used. In fact, the 2SLS estimates using Two boys and Two girls in 1990 are remarkably close. On the other hand, the 1980 2SLS estimates are consistently smaller when Two girls alone is used as the instrument. Moreover, some of the p-values for estimates computed using 1980 data indicate a significant contrast between the Two girls and Two boys instruments, although no marginal significance level is below 1 percent. As in the 1990 data, however, in the 1980 data both instruments are always associated with more children and reduced labor supply.
D. Other Specijcation Issues
Other specification issues considered here include the robustness of the results, the generality of the results, and the validity of the instruments. Because sex mix is essentially randomly assigned, the results reported in Tables 7 and 8 are unchanged by altering the basic set of covariates. For example, using data for married women from the 1980 PUNIS, we estimated models adding the following covariates to the vector wi : linear and quadratic terms in the wife's education, 5 percent of the corresponding estimates quadratic terms in wife's age, age at first from Table 7 . birth, linear and quadratic terms in hus-A referee and others who read earlier verband's age, husband's age at first birth and sions of this paper expressed concern about education, linear and quadratic terms in huswhether the results are likely to be represenband's labor income, and a full set of state tative of the impact of childbearing in gendummy variables.'' In these models, the eral since the sample is restricted to women 2SLS estimates (standard errors) of the with two or more children and to women in More than 2 children coefficient have the a relatively young age-group. Est~mates of following values: Worked for pay, -0.122 the effect of going from two to more than (0.027 ) ; Weeks worked, -5.45 ( 1.18 ) ; two children do not nece:ssarily generalize. Hours/week, -5.04 (0.99); Labor income, On the other hand, we believe these results -1,390 (555). All of these values are within are likely to be of general interest because a significant fraction of the change in fertility between 1970 and 1990 was due to reduc-''Two of these covariates, years of education and hustions in the number of women having more than two children. As noted in Section I, this band's earnings, are potentially endogenous because they may be partly determined by fertility. For this reason, they fact is apparent in Census data on completed were excluded from the main set of estimates.
family size. The sample was restricted to women under ditive effects of s , and s2. This specification the age of 35 because nearly all children born was motivated by a concern with the validity to women in this age-group are still at home.
of the instruments and possible omitted variRelaxing this restriction, a greater fraction of ables bias. It is useful to h o w whether the women with two or more children are lost becontrol for these additive effects is important cause the oldest child is increasingly unlikely because if it is, identification turns on our abilto be at home. We note, however, that the reity to distinguish additive effects from the insults are not very sensitive to this sampleteraction term. Moreover, when using Two selection. rule. For example, expanding the boys and Two girls as separate instruments, we age-group to include women up to age 45 in must drop one of the additive effects. As it the 1980 data, the sample size increases to turns out, the 2SLS estimates are virtually in-552,606 observations. The resulting 2SLS esvariant to the inclusion of regressors that contimate (standard error) of the effect of the trol for the sex of each child." The coefficient? More than 2 children variable in the Worked (standard errors) on the More than 2 children jor pay model is --0.096 (0.021) in the allvariable in the Worked for pay, Weeks worked, women sample.
A final point is that because Same sex is an interaction term, the 2SLS estimates were ''The Wald estimates in 'l'able 5 also constitute 2SLS computed using a model that controls for adestimates with no controls for main effects.
and Hours/week equations change by no more than 2 percent. There is also little evidence of an association between having male children and labor supply. The only significant sex effects are for s2 in the 1980 sample, but these are small.14
E. Heterogeneity in the Impact of Children on Labor Supply
A number of theoretical models describe how the impact of children on labor supply might vary with the wages or schooling of husbands or wives. For example, Angrist and Evans ( 1996b) outline a version of Gronau's ( 1977) model of market work and home production that incorporates child quality effects of the sort discussed by Becker and Lewis (1973) . This model predicts that higher own wages of either partner magnify the laborsupply consequences of childbearing, although there are no cross-wage effects.I5 Gronau's survey paper (1986 p. 287) refers to a number of empirical studies consistent with this prediction, showing that the labor supply of more educated women is more sensitive to the presence of children than the labor supply of less educated women. Earlier, Gronau ( 1973 p. S 170) reported finding that the effect of a child on his mother's value of time increases with the mother's education. On the other hand, an assumption implicit in most empirical labor-supply models, where the focus is on wage effects and not the consequences of childbearing, is that there are no interactions in the effect of wages and the number of children (see, e.g., Thomas A. Mroz, 1987) . Is The explanation for this is that in equilibrium, the marginal returns to an hour spent at home are higher for high-wage people than for low-wage people. Although the effects of children are generally ambiguous, in the Angrist and Evans ( 1996b) model, increasing the number of children increases time spent at home because of returns to scale in parental time spent on child-rearing. Returns to scale are larger when the marginal return to hours (and hence wages) are higher.
We use the Same sex linstlument to explore the question of how the labor-market consequences of childbearing varies with the earnings or earnings potential of husbands and wives. Panel A of Table 9 reports OLS and 2SLS estimates of the effect of More than 2 children on married women, conditional on the position of their husbands in the husbands9 earnings distribution. The first column shows the first-stage relationship between More than 2 children and Same sex, interacted with dummies that indicate whether husbands' earnings are in the upper third, middle third, or lower third sf the earnings distribution. These estimates show that the effect of Same sex on fertility is increasing in husbands' earnings. For women with high-wage husbands, l~owever, 2SLS estimates of labor-supply effects are smaller and they are not significantly different from zero. Note that average participation rates do not decline enough with husbands' earnings to account for the decline in the magnitude of the coefficients among women with high-wage husbands. It is also worth noting that the OLS estimates do not decline nearlv as much with husbands' earnings as do the 2SLS estimates.
It is not possible to analyze labor-supply effects conditional on women's wages because wages are unobserved for women who do not work. But we can condition on schooling, which is an important predictor of individual1 earnings potential. This is done in Panel B of Table 9 for married women in the 1980 sample with less than a high-school education ( 18 percent of the sample), high-school graduates (49 percent of the sample), and more than a high-school education (33 percent of the sample). The reduced forms show a strong association between Same sex and fertility in each schooling group, although the effect is about 1 percentage point smaller for mothers in the b~ghest education category. The 2SLS estimaf.es suggest that women with relatively low levels of schoolirig experience the largest effects of children on labor supply. In contrast, there is no statistically significant association between additional childbearing and labor supply for women with more than a high-school education. As with the estimates that condition on husbands' earnings, the variation in 2SLS estimates by schooling group differs from the variation in OLS estimates, which show effects that increase in magnitude as schooling increases. Because mothers' education and husbands' wages are correlated, it is not clear whether a set of estimates that condition on husbands' earnings and a set of estimates that condition on mothers' education are capturing distinct phenomena. We therefore present estimates by mothers' education group in a sample restricted to women whose husbands have earnings in the middle third of the earnings distribution. Again, the 2SLS estimates suggest that the impact of childbearing on labor supply declines as education rises, contradicting a theoretical prediction and the OLS estimates, both of which suggest that the labor supply of more educated women responds more to the presence of children. This finding is even more remarkable when viewed in light of the fact that participation rates increase with mothers' schooling. It should be noted, however, that while the results by education group differ substantially, and the pattern of differences is consistent across outcomes, the estimates for subgroups are not very precise.
The last panel in Table 9 (Panel D) reports estimates for husbands, conditional on wives' education. OLS estimates of labor-supply effects for husbands are small and negative, and they decrease in magnitude as wives' schooling increases. As with the overall estimates for husbands in Table 7 , the 2SLS estimates for husbands in Table 9 are small and not significantly different from zero. Table 10 reports estimates conditional on husbands' earnings and wives' schooling using 1990 data. These results are largely similar to those for 1980, showing 2SLS estimates that decline in magnitude with husbands's earnings and wives' schooling, while the OLS estimates for wives by schooling group are stable or increasing. One interesting difference, however, is that the 1990 results show some small, but statistically significant, positive effects of childbearing on the labor supply of the husbands of less educated women. The estimated effect (standard error) on participation rates is 0.031 (0.013) for husbands of women who are high-school graduates and 0.053 (0.023) for husbands of women who did not graduate high school. The effect on weeks worked is also significantly different from zero for the husbands of high-school graduates. These estimates suggest a possible change in husbands' labor-supply response to childbearing between 1980 and 1990, at least for some groups. On the other hand, the 1990 husband effects are still less than half the size of most of the corresponding estimates for women, and they appear even smaller when viewed in light of the greater degree of labor-force attachment among husbands.
III. Comparison with Estimates Using Multiple Births
The most important source of exogenous variation in fertility used in fertility research to date is twinning. Rosenzweig and Wolpin (1980b) used 87 U.S. twin pairs to estimate labor-supply effects, and Rosenzureig and Wolpin ( 1980a) used 25 twin pairs from India to estimate the effect of family size on school progress. Bronars and Grogger ( 1994) were the first to study the consequences of multiple births with Census data. They used twins in the 1970 and 1980 PUMS to estimate the effect of additional childbearing on mother;;' labormarket status, though most of their estimates are for unwed mothers. Gangadharan and Rosenbloom ( 1996) also used Census twins to estimate the reduced-form effect of twinning on labor-supply variables, but they fail to scale the reduced-form effects of twinning into effects of childbearing. These studies focused almost exclusively on twinning at first birth. An exception is the Bronars and Grogger study, which also briefly discusses (p. 1149) some estimates using twins at second birth.
A twin second birth is similar to the Same sex instrument in that it can be used to measure the consequences of moving from two to three children. We noted in the $iscussion of Table 4 , however, that the use of twins as an instrument may be problematic since twinning probabilities appear to be correlated w~t h some observed characteristics of the mother On the other hand, if the demographic characteristics associated with twinning are all observed, then these factors can be controlled in 2SLS estimation.
2SLS estimates using Same sex and Twins-2 are compared in Table 81 . As in Table 7 , the models used to produce these estimates include exogenous covariates to control for mothers' age, race, age at first birth, and the sex of the first two children. Additional covariates included in these models are the ages of the first and second child in quarters. The estimates of female labor-supply effects produced using Twins-2 are consistently smaller than the corresponding estimates using Same sex. Although the contrast between Same sex and Twins-2 coefficient estimates is not large enough to be statistically significant for many of the individual coefficients, the comparison of estimates strongly suggests these two shocks have different effects. A likely explanation for the smaller Twins-2 effects is that, conditional on the age of the second child, a third child who is born as a consequence of twinning is necessarily older than a third child who is born for other reasons. This is because third children who are born as twins are exactly the same age as second children, while at least a year and usually longer must go by between the second child's birth and Ithe birth of a non-twin third child. 111the 1980 sample, for example, the average age of third children who are twins is 6.4 years while the average age of other third children is five years. Regression-adjusting for the covariates used to construct the estimates in Table  10 , the age gap between twins and other third children grows to about 2.5 years. This difference in ages has implications for laborsupply estimates constructed using I'ame sex and twins instruments if the effect of children on labor supply is larger when the children are younger.
We use the following model to check whether differences in the Same sex and Twins-2 2SLS estimates can be explained by differences in the ages of third children, The equation of interest is (10) in the text. Same sex and Twins-2 are both used as instruments. The restricted models in Panel A force the parameter a* (the age at which labor-supply effects decay to zero) to be the same for all four dependent variables in joint estimation using nonlinear 3SLS. Panels B and C report 2SLS estimates of equation (1 1) using the Same sex and Twins-2 instruments separately. Other covariates in the models are listed in the notes to for all dependent variables. This suggests that the model of the effect of childbearing embodied in (9), combined with the restriction that pi decays to zero at age 13.4, does a good job of reconciling the Same sex and 7ivins-2 estimates."
Differences in the age of the third child constitute one of many possible explanations for the contrast between the Same sex and Twins-2 estimates. For example, there may be economies of scale in parenting two children of the same age. On the other hand, closely spaced young children may require more attention than an older child and a labor supply become positive once the third child is older than a * . This approximation seems harmless since only about 2 percent of third children are older than 13 in our data (because the oldest mother is aged 35).
l7 If we set a * = -P,IP, using the coefficient estimates from each equation, then the Same sex and Twins-2 estimates of ( 1 1 ) for any equation will necessarily be identical. The point of estimation with a* fixed at 13.4 is to show how one extra free parameter reconciles all four of the Same sex and Twins-2 estimates. younger child. It is worth noting, however, that the model outlined in this section also serves to explain why the twins estimates reported by Bronars and Grogger (1994) for married mothers are smaller than the Same sex estimates reported here. When Bronars and Grogger use twins to estimate the effects of childbearing conditional on the age of the first child (and hence on the age of the twin), they find effects on the labor-force participation rates of mothers of children aged O-3 remarkably similar to the Same sex estimates, with no effects for the mothers of children aged 10-13 ( see Table 4 in Bronars and Grogger, 1994) . Because second-born twins are younger, on average, than firstborn twins, age differences could also explain why the effects of twins at second birth briefly mentioned by Bronars and Grogger in the text of their article (p. 1149) are larger than their estimates of the effects of twins at first birth."
IV. Implications for the Increase in Female Labor Supply
At the turn of the century, less than 20 percent of all workers were women. Today, women make up almost half the workforce (Goldin, 1990) . A number of researchers have attempted to decompose the rise in the female labor-force partic~pation rates into components attributable to demand and supply shifts. For example, Mincer ( 1962) concluded that 90 percent of the rise in postwar labor-force participation of married women can be attributed to an increase in demand. James P. Smith and Ward (1984) also found that demand characteristics can explain a majority of the increase in total hours worked by all women in between 1850 and 1980. In contrast, Goldin ( 1990) argues that shifts in supply explain about half of the change in female ' "he fact that the Bronars and Grogger estimates are less precise than the twins estimates reported here is likely due to their having drawn a 1-percent sample of singleton births for the comparison sample. Note also that Bronars and Grogger's estimates are for the reduced-form impact of twinning; for purposes of comparison, these estimates should be scaled up by dividing by the twins first-stage effect (about 0.68 in their data).
labor-force participation between 1960 and 1980.
Ileclining fertility represents a potentially important supply shifter that might account for some of the jncrea.;e in female labor-force attachment. How much of the trend in laborforce attachment in the population we have studied can be accounted for by reduced childbearing beyond the second child? Table 1 showed that the probability of having more than two children for women aged 21-35 with at lease two children fell by 16.5 percentage points between 1970 and 1990, a drop of about 30 percent. At the same time, labor-force participation rates rose by 2 1.8 percentage points, a 49-percent increase. Similar statistics for other groups reported in Table 1 show that our sample is not unusual in experiencing these trends.
Using the Same sex 2SLS estimate of the impact of More than 2 children on Worked for pay frcaan '$able 7 ( -0.1 191, declining fertility can account for an employment increase equal to 0.165 X 0.12, which is about 2 percentage points. This calculation suggests that even though childbearing clearly affects labor supply, the increase in female labor-force participation has been so large that declining fertility can explain only a small fraction of the overall change.
V, Conclusions
Economic models of household behavior gcnerate a rich variety of predictions and theoretical relationships. few of which have been confronted with credible empirical evidence. The evidence reported here is unique in that it derives from plausibly exogenous sources of variation in family size. However, the empirical results probably raise as many questions as they answer.
2SLS and IV estimates that exploit the fertility consequences of sibling sex composition and twinning both confirm the OLS estimates showing that children lead to a reduction in female labor supply, although the 8 L S estimates appear to exaggerate the causal effect of children. This is probably not too surprising, at lease not to the mothers of small children. What is surprising is that the effects of children on labor supply appear to be much smaller and possibly even absent among college-educated women and women whose husbands have high wages. This result contradicts the predictions of some theories of household time allocation as well as the OLS results, which suggest that the laborsupply consequences of childbearing are larger for more educated women. Our estimates consistently show that the labor-market consequences of childbearing are more likely to be severe for poor and less educated women.
Equally important is the finding that hus-. bands change their labor-market behavior very little in response to a change in family size. Even the husbands of well-educated and relatively well-paid women do not change their work habits in response to the birth of a child. Thus, families absorb the cost of caring for a third child either through a reduction in wife's earnings or by purchasing child-care-, services from nonfarnily providers. If additional childbearing does lead husbands to put additional time into home production of child care, this is done at the expense of the husband's leisure time and not through a reduc.-tion in his work effort. We also find little evidence of an increase in husbands' earnings that would offset the decline in wives9 earnings. In spite of the increase in women's wages and labor-force participation rates dur-. jng the period studied here, the labor-market behavior of most married men appears to have remained largely insensitive to the num-. ber of children. 
